We have studied how to constrain the α σ · v type interactions with the relaxation time of spin polarized noble gases in magnetic fields. Using the longest T2 measured in the laboratory and the earth as the source, we obtained constraints on three new interactions. We present a new experimental upper bound to the vector-axial-vector(VV A) type interaction for ranges between 1 ∼ 10 8 m. In combination with the previous result, we set the most stringent experiment limits on gV gA ranging from ∼ µm to ∼ 10 8 m. We improve the laboratory limit to the axial-axial-vector(VAA) type interaction by ∼ 2 orders or more for distances below ∼ 1cm. To our best knowledge, we report the first experiment upper limit on torsion induced by the earth on its surface.
In the recent years, various models of new physics beyond the standard model have been studied, in which new massive particles such as the axion, familon and majoron, etc were theoretically introduced [1] . New macroscopic interactions meditated by WISPs (weakly-interacting subeV particles) have been theoretically proposed. The interaction ranges of these new forces are from nanometers to meters. The fact that the dark energy density in the order of (1 meV) 4 corresponds to a length scale of 100 µm also encourages people to search new phenomena around this scale [2] . The theoretically proposed particles such as the photinos which interact with nuclei only through spin-dependent forces are possible candidates of the dark matter [3] . Various experiments have been performed recently to search for these new interactions. Polarized neutron beams were used in the experiment presented in the Refs. [4, 5] . Polarized nobel gases were used in the Refs. [6] [7] [8] [9] . Atomic magnetometers were applied in the Refs. [10, 11] . Experimental schemes using polarized atom beams have been recently proposed in the Ref. [12] .
However, these new particles or interactions have eluded detection so far due to various reasons. It might be that the new interactions are either too weak to be detected, or spin/velocity dependent which causes difficulties for experiment setup. For example, in the Ref. [13] , 16 new interactions are proposed, and 10 of them depend both on the spin state and the relative velocity between particles. The nonzero torsion interaction, which has been included in many models extending the general relativity, is another example [14, 15] . In these models, the torsion coupling to the spin has the same strength as the curvature to energy momentum in the general relativity. In practical conditions, the torsion could also induce the spin/velocity dependent interaction between * Corresponding author: haiyan@umail.iu.edu the source and the spin. Either for the torsion-induced or the vector-axial-vector(V V A ) type interaction, the spin of polarized nobel gases as 3 He interact with the source through the following form:
where σ are the Pauli matrices, v the relative velocity between the probe and the source. The parameter α has the dimension of momentum and depends on the factors such as the probe to source distance, the source mass or the nucleon number, etc. Now we consider the situation that this V is due to a pseudo-magnetic field:
where µ is the magnetic moment, γ the gyromagnetic ratio of the spin polarized particle, B ′ = 2α v/ γ the pseudo-magnetic field. This pseudo magnetic field is along v direction and has the strength of 2αv/ γ. Then searching for the new physics becomes a problem of detecting the pseudo-magnetic field B ′ . Spin polarized neutron/atom beams are considered to be more convenient to probe these spin/velocity dependent interactions since a large relative velocity between the probe and the source can be easily realized. However, the number of the probe particles is usually limited for the beam method. Large quantities of polarized probe particles can be obtained by using polarized gases, but the polarized noble gases are usually sealed in glass cells, thus it would be technically difficult to realize a large relative velocity between the source mass and the probe particles inside delicate glass cells within a short distance.
By using the polarized noble gases sealed in glass cells, it might be considered very difficult to detect the spin-velocity dependent interactions without moving the source or the cell. However, though v is zero for atoms of the glass sealed noble gas, v 2 is not. As we will show latter, the nonzero v 2 together with the σ · v type interaction, will change the relaxation time of spin polarized noble gases. Though it is a second order effect, there is no need to move the apparatus any more which will save the corresponding technique difficulties. Thus it is possible to detect or constrain the new physics by the longitudinal spin relaxation time (T 1 ) or the transverse relaxation time(T 2 ) of polarized noble gases. By applying the best available values of T 1 [17] and T 2 [18, 25] , our research indicates that the constraint of α from T 2 is tighter than that from T 1 . In what follows, we will first describe how the α σ· v interaction affects the spin relaxation time of the polarized 3 He gas, then we will constrain α by using the best available T 2 measured in the experiment. Furthermore, by using this constraint of α and the earth as the source, we obtain the limits on the three different types of new interactions, vector-axial-vector interaction(V V A ), axial-axial-vector interaction(V AA ) and the torsion.
I.
CONSTRAIN α BY T1 AND T2 OF SPIN POLARIZED 3 He GAS There are some examples using the spin relaxation time to constrain the scalar-pseudo-scalar type(V sp ) [20] interaction which is spin dependent and short-ranged. T 1 is used in the Ref. [17] while T 2 in the Refs [18, 19] . According to the so called Redfield theory [18, 21] , assume the holding field is alongẑ, then the longitudinal and transverse relaxation times of the polarized 3 He gas due to a randomly fluctuating magnetic field can be expressed as:
where
Here ... represents the ensemble average, B x is thex component of the fluctuating magnetic field, ω 0 = γB 0 the Larmor frequency. Using above formulas, it is easy to see that the pseudomagnetic field induced by the α σ · v type interaction will change T 1 as follows:
When the Lamor frequency ω 0 is much larger than 1/τ D with τ D ∝ L 2 /D(L is the characteristic length of the gas sealed cell in the transverse dimensions), the autocorrelation function for the velocity is [21] :
where τ c is the average collision time of the atoms. Substituting Eq.(6) into Eq. (5), we obtain:
Plugging in the data given in the Ref. [17] , τ c = 3×10 −10 s, T rem 1 = 2518hr(2σ value), ω 0 = 10 5 s −1 , we obtain an upper limit to α as:
Similarly, the relaxation time T 2 caused by the the α σ · v type interaction can be expressed as:
Here we need to calculate v x (t)v x (t + τ ) under the condition that the magnetic field is small such that Eq. (6) is not valid anymore. According to the Refs. [22, 23] , we have
which leads to
where S x (ω 0 ) is defined as the Fourier transformation of x(t)x(t + τ ) . Now the problem of calculating the velocity autocorrelation function becomes calculating the position autocorrelation function. The latter can be solved by using the diffusion theory as in the Refs. [18, 21] . For a sphere with radius R, it can be shown that:
where the numbers x 1n are the zeros of the derivatives of spherical Bessel functions [24] , D is the diffusion constant of the 3 He gas. For a spherical cell, the relaxation time T 2 can be finally expressed as
Now plugging in the data given in the Ref. [25] , R = 3cm which is the radius of a spherical cell, D = 470cm 2 s −1 , and Γ 2 = 1.4 × 10 −7 s −1 (2σ value [18] ), into Eq.(13), we obtain an upper limit on α as
Though at the same order of magnitude, this upper limit is twice tighter than that given by Eq.(5). We are going to use it to constrain the spin-velocity dependent new physics.
II. CONSTRAINING THREE NEW INTERACTIONS USING THE EARTH AS THE SOURCE

A. vector-axial-vector interaction
Taking advantage of the fact that there are about 10 42 polarized electrons in the earth, Ref. [11] used the polarized electron spins of the earth as the source to constrain several spin-spin interactions. Inspired by this spirit, we notice that there are 10 51 nucleons in the earth. It might be even more advantageous to use the earth as the source to constrain some spin dependent interactions as V V A and V AA . For example, for the vector-axialvector interaction V V A (r) originated from the coupling L X =ψ(g V γ µ + g A γ µ γ 5 )ψX µ , this parity violating interaction has the form:
where λ = /m X c is the interaction range, m X is the mass of the new vector boson. V V A (r) is the Yukawa potential multiplied by the σ · v factor, which makes this interaction quite interesting. Using the earth as the source, the Vector-Axial potential generated by the earth on its surface is found to be:
where ρ N is the nucleon number density of the earth, R the earth radius. Clearly, if the new interaction V V A (r) exists, it will induce the α σ · v type interaction on the earth surface thus affect the relaxation time of the spin polarized 3 He gas in laboratory. Plugging in ρ N = 3.3 × 10 30 m −3 and using Eq.(13), we get
In the short distance limit with λ ≪ R, the above equation becomes:
this result is a few orders less sensitive than that given in the Ref. [5] . While in the long distance limit with λ ≫ R, we get
At long range of ∼ 10 8 m, it improves the existing experimental upper bound by as much as ∼ 16 orders. When comparing with the results of the Ref. [28] , which were derived by combining g V in Ref. [29, 30] and g A in Ref. [10] , we get ∼ 3 orders improvement. The present work gives the best known result for constraining g V g A for ranges of 10 ; The blue and red doted lines are the result of Ref. [28] which were derived by combining gV of Ref. [29, 30] with gA of Ref. [10] .The dark grey area is the excluded area by experiments of previous work [5] and this work.
previous work, we believe we have get the most stringent experimental upper bounds on g V g A ranging from ∼ 10 −6 m to ∼ 10 8 m. We emphasize that the limits on the vector-axial-vector interaction presented here are derived directly from the relevant experiment.
B. axial-axial-vector interaction
For the axial-axial-vector interaction which is also originated from the coupling L X =ψ(g V γ µ + g A γ µ γ 5 )ψX µ , the pseudo-potential V AA has the form:
An important procedure is to do the integration when the source is the earth. On the surface of the earth, we find:
Noticing that the holding field for the polarized gas is along the horizontal direction, i.e., theẑ direction, if we chooser along theŷ direction, then the pseudo-magnetic field can only be along thex direction. Using Eq.(13), we have:
Now we consider the same limits as in the previous section. When λ ≪ R, we have
As shown by FIG.2 , this upper bound is ∼ 2 orders better than that given in the Ref. [4] in short ranges. When λ ≫ R, the constraint equation is reduced to g 2 A ≤ 4.5 × 10 −23 , which is ∼ 16 orders less sensitive than the result given in the Ref. [10] . [4] , the dash-dotted line is the result of Ref. [10] .The light grey area is the excluded area by previous experiments [4, 10] .The dark grey area is the increased exclusion area by this work.
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C. torsion on the surface of the earth
Using the neutron spin rotation in the liquid helium, Ref. [26] constrains the in-matter torsion for the first time. If torsion exists, the source might couple to the spin through the form [26] :
which has exactly the same form as Eq. (1). ζ includes all other factors such as the distance, the source mass, etc. At present, how ζ depends on the distance is still theoretically undetermined. As in the Refs. [26, 27] , here we only consider the leading order of the torsion background which is a constant. The torsion effect is considered to be very small and it is extremely difficult to be detected. Earth-sourced torsion had been discussed in the Ref. [27] , where the rotating of the apparatus or comparing the behavior of particles and antiparticles were proposed to detect torsion. Here as we have found, by measuring the relaxation time of the polarized noble gas, a constrain on ζ can be obtained without moving the apparatus. Also using the earth as the source and applying Eq. (14), it is easy to show that in the natural units
It is more convenient to rewrite ζ as ζ = m S cξ, where m S is the source mass. Now ξ is dimensionless and its dependence on the source mass is isolated out. Plugging in the earth mass m earth = 5.97 × 10 24 kg, we get
III. CONCLUSION AND DISCUSSION
In summary, by using the spin relaxation time of the polarized 3 He gas and the earth as the source, we constrained three types spin-velocity dependent new interactions. Though at the same order of magnitude, we found that the best available T 2 gives better constraints. We derived new experimental limits to the Vector-Axial type interaction ranging from ∼ 1m to ∼ 10 8 m. At the distance of ∼ 10 8 m, the limit is improved by ∼ 16 orders in comparison with the result of the neutron spin rotation experiment. In combination with the previous result [5] which is more sensitive at short distance, we present the most stringent constraint derived directly from experiments on g V g A ranging from ∼ 10 −6 m to ∼ 10 10 m( Figure.1 ). We also obtained new limits to the Axial-Axial type interaction ranging below ∼ 1cm. The limit is improved by ∼ 2 orders for the above mentioned ranges. To our best knowledge, we report the first experimental limits on torsion induced by the earth on its surface.
In the future we may consider to improve the sensitivity by dedicated experiments. Either for T 1 or T 2 , the key is to constrain α better. When using T 1 , suppose that 1/τ D ≪ ω 0 ≪ τ c is still valid, we then find α ∝ n/(T 1 T 1/2 ) after optimizing the parameters. Since the measured T 1 is already as long as several thousand hours for cell pressure of ∼ 1 bar, it seems that the most efficient way to improve the sensitivity is to reduce the gas number density n. If n is reduced to ∼ 1 mbars, and the conditions for T 1 and ω 0 remain the same as above, the sensitivity could be improved by about one order of magnitude. When using T 2 , a similar result is obtained, i.e., α is found ∝ n/(T 2 T 1/2 ) after parameter optimizing. Since the cell pressure is already as low as a few mbars in this work, it is hard to image that the sensitivity can be increased substantially by further reducing the pressure. On one hand, the diffusion theory used here will break down for a much lower cell pressure though Redfield theory is still valid [23] . On the other hand, lower cell pressure means less probing particles, a factor which will eventually dominate. Still for a ∼mbar cell, if thousand-hour-long T 2 could be observed, sensitivity could also be improved by one order of magnitude. Either by measuring T 1 or T 2 , it seems not easy to further improve the sensitivity substantially since the α σ · v interactions take interventions as a second order effect by this method.
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